Abstract: Two new and improved procedures were developed for the synthesis of 1-(1-naphthyloxy)-2,3-epoxypropane as an important intermediate in the production of the beta-blocker and antioxidant, 1-[(1-methylethyl)amino]-3-(1-naphthyloxy)-2-propanol (propranolol). Both base homogeneous and heterogeneous PTC catalysis were employed. High yields and remarkable selectivity were achieved. The improved purity is particularly important, in view of the quality requirements for propranolol hydrochloride as an active pharmaceutical ingredient.
INTRODUCTION
The main product obtained by the alkylation of 1-naphthol (A) with epichlorohydrin (B) is 1-(1-naphthyloxy)-2,3-epoxypropane, the desired product C in Scheme 1, however, it is accompanied by the side products of both parallel and successive reactions obtained in small quantities, but still unacceptable in an intermediate for a pharmaceutical product. Several procedures for this reaction have been published [1] [2] [3] [4] [5] [6] in the form of scientific communications or patents, where base catalysts including phase transfer catalysts (PTC) as homogeneous and heterogeneous catalysts were employed.
Among these procedures are also our protected processes [3] [4] [5] and published papers. [6] [7] [8] In these communications, both theoretical and practical aspects of the reaction in question were studied, sometimes with particular emphasis on the process and reactor engineering. 7, 8 In our previous communication on the subject of the synthesis of product C, we developed a new method for the selective alkylation of A with B, using quater-nary ammonium salts as phase transfer catalysts. 6 The reaction was studied as a two-and three-phase catalysis, both homogeneous and heterogeneous, particularly the three-phase process, as technologically more advantageous. In the same study, the products of the side reactions, both parallel (D and E) and consecutive (F and G) reactions, present in small quantities were identified, separately synthesized and characterized by GC-MS and 1 H-NMR analyses. These impurities are shown in Scheme 2, together with the main product C.
By the optimisation of the three-phase process, superior yield (80%) and purity (94%) of the main product were obtained compared to data found in the literature. 2 The high purity of the main product C was important as it could be used without further purification for the synthesis of propranolol, Scheme 3. In should also be pointed out that it was the first identification of the side products at that time.
In the meantime, the official regulations on the purity of the drug propranolol were changed. According to BP 2004, 9 the unallowed impurities present in propranolol, an active pharmaceutical substance, include the product of the epoxy ring hydrolysis F in the main product C and the compound shown in Scheme 4.
It is evident that the absence of these impurities in the intermediate compound C is highly desirable and that consideration of both the reaction mechanism and the possible catalytic mechanisms is required for any further study intended to secure a process for obtaining the high quality of compound C.
Therefore, our further investigation, part of which is presented in this paper, was the study and comparison of the homogeneous phase-catalysed reaction and the heterogeneous phase-transfer catalysed reactions, namely under liquid-liquid (LL) conditions and solid-liquid-liquid (SLL)-PTC conditions. The following process parameters were varied: type of catalysis, reaction time, mixing speed, reaction temperature, type and quantity of the catalysts.
The mechanism of the alkylation reaction is most probably aliphatic nucleophilic substitution of the S N 2 type, with the naphthoxide anion as a nucleophilic agent. Therefore, the rate of the reaction will depend on its concentration and activity.
1-Naphthol is very slightly soluble in water (866 mg/1000 ml). 10 In aqueous solution it behaves as an acid and loses a proton, remaining in equilibrium with its conjugate base, as presented in Scheme 5.
If the solution pH is lower than the pK a of 1-naphthol, which is 9.20 or 9.34 according to literature sources, 11,12 the 1-naphthol form predominates. If the pH of the solution is higher than the pK a , as was the case in the NaOH solution in our experiments, the conjugate base predominates. On the other hand, 1-naphthol is an aromatic molecule stabilising its conjugate base by resonance, which could lead to concurrent C-alkylation. We considered this unlikely because the formation of clusters with water molecules probably stabilises the negative charge on the oxygen, which has already been observed in 2-naphthol. 13 We believe that in the nucleophilic substitution reaction in the SLL-PTC system, lipophilic slightly water-soluble epichlorohydrin reacts with the water solvatised 1-naphthoxide anion, which is transfered to the organic phase by the phase transfer catalyst. The rate and selectivity of the reaction are affected by the presence of the organic phase. Under the conditions of the SLL-PTC catalysis, the organic phase is the epichlorohydrin itself. At the end of the reaction, because of the relatively small volume of the organic phase in comparison to the volume of water, chlorine derivatives of hydrocarbons (chloroform or methylene chloride) could be used to extract the product, in order to secure a better yield.
In the second model reaction system, investigated in the present work as a LL semi-continuous process, into a heated strongly alkaline aqueous solution of the 1-naphthoxide, epichlorohydrin was added in quantities which provided its complete solubility, which is 6.59 g/100 ml according to the literature. 14 The semicontinuous nucleophilic substitution was also investigated by adding chloroform during the alkylation reaction. Particular attention was paid to the temperature regimes of the reactions.
The above improved methods for the synthesis of 1-(1-naphthyloxy)-2,3-epoxypropane were protected by our recent patent application. 15 
EXPERIMENTAL

Synthesis of 1-(1-naphthyloxy)-2,3-epoxypropane
a) Alkylation of 1-naphthol with epichlorohydrin under the conditions of heterogeneous PTC as a SLL-PTC model system. 1-Naphthol (3.6 g, 0.025 mol) and sodium hydroxide (3.0 g, 0.075 mol) were dissolved in 25 ml of water (pH 14). Epichlorohydrin (3.9 g, 0.03 mol) and 2.9 g or 8.7 g of the resin Amberlite R IRA-410 (10% or 30 % -ratio of weight to total volume) were added. The reaction mixture was stirred for 0.5-5 h at 20 or 40°C. At the end of the reaction, 10 ml of chloroform were added into the cooled reaction mixture at 22°C and the layers were separated. The chloroform was evaporated under vacuum below 40°C and the residue subjected to GC-MSD and GC-FID analyses. The yield of product C was about 80 % and the purity greater than 90 %. The purity was also confirmed by the synthesis of propranolol hydrochloride using the obtained intermediate without its further purification. That analysis was performed by the official HPLC method, and the results were acceptable according to BP2004. b) Alkylation of 1-naphthol with epichlorohydrin under the conditions of base homogeneous catalysis (NaOH) and the semicontinuous LL model of the reaction system. The quantities of reagents were the same as in a), except that the PTC catalyst was not added. In the first case, the alkylation reaction was carried out at 50°C. The second case was performed as follows: 1-naphthol in an aqueous solution of NaOH was kept at 40°C for 15 min with stirring at 400 rpm, after which epichlorohydrin was added during 30 min at 50°C, and the reaction isothermally continued for another 30 min. The reaction mixture was extracted with chloroform as above and the residue also analysed in the same manner. The yield was 84.22 %, with the purity of product C being 92.24 %. The content of the side products is shown in Table I and explained in the Results and Discussion section.
By using the presented experimental procedures, the effects of temperature, type and quantity of catalysts, mixing speed and reaction time on the alkylation reaction were investigated.
Reagents and catalyst
1-Naphthol was obtained from "Merck". The epichlorohydrin was obtained from "Sigma-Aldrich", and the phase transfer catalyst (IRA 410) from "Rohm & Haas".
Instruments
The content of the main and side products was determined by using: -the GC-MSD method in the system Hewlett Packard, HP 6890 series, with a 5973 series MS detector,
-the GC-FID method, Hewlett Packard, HP 6890 series, with a FID detector, -the HPLC method in the system Hewlett Packard 1100 with an UV/Vis detector.
RESULTS AND DISCUSSION
The alkylation of 1-naphthol with epichlorohydrin was investigated using mainly two catalytic models, SLL-PTC and LL base catalysis, although NaOH could also be regarded as a reactant. The parameters of the reaction, such as temperature, type and quantity of the catalyst, mixing speed and the processing models were varied. The effects of the experimental conditions were established, based on the yield and purity of the intermediate, 1-(1-naphthyloxy)-2,3-epoxypropane (C). The purity of the final product, propranolol, was also verified. The effects of the reaction parameters were also investigated for the side products of the reactions.
The effect of the variation in catalyst quantity and its size distribution in the SLL-PTC model process, at 40°C and a mixing speed of 200 rpm for the main product C, is shown in Fig. 1. Fig. 2 presents the change of the concentration of C with respect to temperature and catalyst quantity. It is particularly interesting to note that a high concentration of product C was obtained at relatively high temperatures, but without PTC catalysts.
The variations in the concentrations of the side products D, E, F and G as a function of temperature and relative catalyst concentration are presented in Figs. 3 -6 .
The above diagrams confirm a significant influence of temperature on the rate of the reaction in the synthesis of the main product C by the O-alkylation of 1-naphthol and the effect of PTC catalyst on the selectivity of the reaction. Of particular interest are the diagrams showing the change of the concentration of the diol F and the dimer G depending on the relative concentration of the catalyst at the same particle size, presented in Figs. 5 and 6. Also, there is a rapid increase of the concen-REACTION OF 1-NAPHTHOL WITH EPICHLOROHYDRIN tration of both impurities D and E with temperature increase in the reaction without the PTC catalyst, Figs. 3 and 4 . The decrease in the concentration of E at a higher temperature during the reaction could be explained by the further polymerization reaction of the side product E. The increase in the concentration of the main product C is comparable to that obtained by PTC catalysis, as evident in Figs. 1 and 2 .
In order to exploit the favourable effect of temperature increase on the yield of the main product C and minimise the formation of the side products, we performed experiments with changed parameters and process model. The reaction was performed without the PTC catalyst, at a different temperature regime, as a LL semi-continuous process model, as explained in the Experimental section. Pre-heating of the nucleophile solution was undertaken in order to increase its activity. The epichlorohydrin was added by a procedure ensuring its full solubility in water. In this manner, the mechanism of the catalytic reaction was changed as compared to that operative in the PTC catalysis, as established before, 6 where the role of the catalyst is to transfer the nucleophile to the organic phase, where the actual reaction happens. Hence the occurrence of G, because the subsequent nucleophile A, transferred to the organic phase, reacts with the already formed product C, forming the dimer G and most probably its polymerisation products. 9 In the present experiment, without the PTC catalyst and the stepwise addition of epichlorohydrin in a manner ensuring that it is completely soluble in water, the actual reaction was performed in an aqueous solution. Compound C was the main product and it was separated as an oil. The results of the analysis of the oil obtained after the extraction are shown in Table I . The results are unexpectedly good, considering that the aim of the investigation was to prepare compound C in high yield and of high purity so that it could be directly used in the synthesis of propranolol. From the mechanistic point of view, this also shows that nucleophilic substitution with elimination of the Cl -anion is the reaction favoured in aqueous solution. There is no D, therefore C-alkylation is not present, because the resonance delocalisation of the naphthoxide anion is suppressed. Also, the absence of E indicates that there is no epoxy ring opening in the epichlorohydrin by nucleophile. The hydrolysis of the epoxide ring in compound C occurs, but the side product F is present in only a small percentage, while the dimer G was not formed at all.
Experiments were also performed under the same conditions as in the semi-continuous process above, only instead of the batch extraction, stepwise addition of chloroform was introduced in the process. The yield was lower than in the previous procedure, 78.72 %, and the results of the product analysis are given in Table II . The extraction of the product during the reaction lowered the content of the unreacted 1-naphthol, but the contribution of product C was also lower. Dimer G was absent, but the contents of the impurities D, E and F were increased.
Experiments in the SLL-PTC model system at an elevated temperature (40°C) and the addition of PTC during the naphthoxide ion preparation were attempted, but the yields were much lower, 56 % and 36 %, for the batch and semi-continuous model, respectively. The yields were even lower, 31 % and 21 %, at 60°C. This result indicates that the addition of PTC in the initial stage of the reaction probably causes an interaction of the catalyst with the nucleophile and subsequent catalyst poisoning.
CONCLUSION
Extensive investigation of the reaction conditions for the alkylation of 1-naphthol with epichlorohydrin in the synthesis of 1-(1-naphthyloxy)-2,3-epoxypropane led to two processes which were satisfactory from the point of view of the yield and the purity of the desired product, which could thus be directly used, without further purification, for the synthesis of the drug propranolol. One is a batch process of the SLL-PTC type, with subsequent extraction of the alkylated product. The second is a semi-continuous base-catalysed LL process, conducted under a strict temperature regime, with batch extraction at the end of the reaction. nistic point of view, in both processes the operative reaction mechanism is probably of the same type, namely S N 2 aliphatic nucleophilic substitution. However, the catalytic mechanisms are different, as the PTC reaction occurs in the organic phase and the base-catalysed semi-continuous reaction in the aqueous phase.
LIST Razvijena su dva postupka, nov i unapre|en za sintezu 1-(1-naftiloksi)-2,3-epoksipropana, kao kqu~nog intermedijera u sintezi beta-blokatora i antioksidansa, 1-[(1-metiletil)amino]-3-(1-naftiloksi)-2-propanola (propranolol). Ispitivana su dva tipa katalize: bazna homogena i heterogena fazna kataliza. Postignut je visok prinos i zna~ajna selektivnost proizvoda. Poboq{awe~isto}e je veoma va`no, imaju}i u vidu zahtevani kvalitet propranolol-hidrohlorida. 
